Abstract-The vacuum absorption method was used to fabricate the phase change material particle (PCMP) in a vacuum heating roller box, and then PCMPs were pressed to form the composite phase change energy storage plate (CPCESP) through a mould. Tests about the thermal conductivity and the heat storage and release capacity of CPCESP with different aluminum (Al) mass fractions were conducted; meanwhile, their fitting curves were obtained. According to the linear optimization principle and different actual situations, Al mass fractions, thermal conductivity and heat storing and discharge capacity per unit mass for CPCESP can be achieved, in order to optimize CPCESP heat storage and release performance.
INTRODUCTION As people's living standards improving, building energy consumption is showing a trend of increase in recent years [1] [2] . According to the statistics, the proportion of building energy consumption has more than one third of China's total energy consumption [3] . With the advent of the energy crisis, people are increasingly concerned about the energy storage and utilization [4] [5] [6] .
Adding phase change material (PCM) into building substrate and applying them to building envelopes can achieve the goal of energy saving, consumption reducing and temperature regulating [7] . However, due to the limitations of current technology, PCM is difficult to achieve large-scale production, which restricts its application in large constructions. In addition, PCM itself has shortcomings of not-high heat conductivity coefficient and the value directly relates to the heat storage and release rate of PCM [8] . Adding excellent heat conductivity additives (such as copper, nickel, aluminum, etc.) to enhance the performance of phase change thermal energy storage material becomes a problem to be solved when applying phase change energy storage technology [9] . If excessive additives will reduce the heat storage and release ability, how to balance the amount of additives with high thermal conductivity performance and phase change material becomes a difficult point of the study.
In this paper, paraffin was used as the phase change material, porous medium expanded perlite (EP) as the adsorbent material [10] . Using vacuum heating roller box which can achieve large-scale PCMP production, then PCMPs were pressed into CPCESP through compression molding method. The effect of the different ratios of the aluminum content to the thermal conductivity and storage heat quantity per unit mass was determined, the equation of linear regression of the thermal conductivity and heat storage quantity per unit mass was linearly fitted out. Finally, based on linear optimization principle, the calculation method of optimizing the heat storage and release capacity of CPCESP was obtained.
II. EXPERIMENTAL

A. Experimental Materials and Instruments
Main raw materials and instruments used in the experiments are shown in Tab. 1. 
B. Preparation of CPCESP
(1) Weighed the expanded perlite and paraffin in the mass ratio 1:1.2 by electronic balance, then put them in the vacuum heating roller box and vacuumize the box, and next heated the box to 50℃.
(2) Set the roller box at a uniform rotation at 100 rad/min, after 4h, the preparation of PCMPs was finished.
(3) Added PCMPs, styrene acrylic emulsion, glass fiber and aluminum powder into the blender, the mass fraction of each substance was shown in Tab. 2, then started the blender to stir uniformly.
(4) Poured the well stirred mixture into the prefabricated mould, compressed in certain shape then put them into the drying oven. After drying, the size of 0.5m×0.5m×0.02m composite phase change energy storage plate was prepared. 
C. Property Characterization of CPCESP
Differential scanning calorimeter (DSC) (TADSC2910 model) was used to test thermal performance of the PCMPs from CPCESP, in nitrogen atmosphere, over the range of 0-50℃ at a heating rate of 5℃/min, melting and solidification curves were obtained, which provided theory basis to the heat storage calculation of the plate and PCM content. Heat conductivity coefficient of CPCESP was measured by conductometer (HFM436) under different aluminum content conditions to analyze the thermal conductivity.
D. Heat Storage and Release Capacity Test of CPCESP
Heat storage and discharge capacity testing system consists of a closed cabinet, two thermostatic water baths, five thermocouples and two thermal flux sensors. The closed cabinet is a cube with side length 360mm, which is composed of 30mm thick double layer polystyrene board, with polyurethane foam filling the gap. Aluminum foil tape was posted outside the enclosed space so as to play a role of thermal insulation.
The thermostatic water bath provided a hot and cold sources between 15℃ to 35℃for the enclosed space to simulate plate under hot and cold environment, then heat storage and release capacity of CPCESP in different temperature conditions was tested. The plate was placed in the center of confined space, two cooling devices of the thermostatic water bath were installed on both sides providing both high and low temperature heat source. The thermal flux sensors were attached to the left and right sides of the plate, detecting the heat flow, thus calculated heat storage and release quantity of the CPCESP. Five thermocouples were arranged on both sides of the plate, in the center of the plate and in both sides of the confined space respectively. Next, thermal flux sensor and thermocouples were connected to Agilent data logger to monitor the change of heat flow and temperature. The main operation steps are listed as follows:
(1) Turned on the Agilent data logger and thermostatic water bath, and set water bath temperature at 15℃. When the temperature of thermocouple which is placed in the center of the plate remained stable, the testing system was considered to reach steady state in low temperature.
(2) Reset the Agilent data logger and set the water bath temperature at 35℃, as the water bath temperature rising, cooling devices dissipated heat to the confined space to make the plate phase change to store heat. When the plate temperature was basically stable and the thermal flux on both sides was less than 1.5J/(m2· k), the plate was considered to be fully endothermic.
(3) Set the water temperature at 15 ℃, to simulate the heat release stage, similarly, when the plate temperature was basically stable and thermal flux on both sides was less than 1.5J/(m2· k), the plate was fully exothermic.
(4) Calculated heat storage quantity by the integral of the heat flow. 
III. RESULTS AND DISCUSSION
A. Thermal Property Analysis of CPCESP
Differential scanning calorimeter (DSC) test was conducted on CPCESP and DSC curve is shown in Fig. 3 . As can be seen from Fig. 3 , the freezing point of the PCMP is 24.34℃, and peak temperature of freezing is 23.98℃; melting point was 24.89℃, peak temperature of melting is 26.38℃ and the latent heat is 74.52J/g. Although the measured latent heat of PCMP is lower than the theoretical latent heat, it is still of great application value. 
B. Thermal Conductivity Coefficient Analysis of CPCESP
Thermal conductivity meter(HFM436) was used to test the thermal conductivity coefficient of CPCESP under the mean temperature difference around 20℃ at the aluminum content of 0%, 2%, 4%, 5%, 6%, 8%, 10% respectively. The results are shown in Tab. 3. From Tab. 3, at the mean temperature difference around 20℃, the thermal conductivity coefficient rises with the increase of aluminum content. The measured data distribute in a straight line in the vicinity and thermal conductivity coefficient of other aluminum content can be obtained through the linear fitting. Fitting curves and formulas of thermal conductivity coefficient of the plate are shown in Fig. 4 . Temperature changes of CPCESP in the exothermic process under 20-27℃ at the aluminum content 0%, 5%, 10% were monitored. From the results shown in Fig. 5 , temperature rising rate of the plates which contain 10% and 5% aluminum between 20℃ and 24.5℃ had no big difference. However, when the temperature reached to 24.5℃, difference of temperature rising rate of the two plates increased gradually. What's more, the temperature rising rate of the plate with aluminum powder was much greater than the plate without aluminum powder, which means high thermal conductivity performance aluminum powder enhanced the thermal conductivity coefficient of CPCESP to make it more sensitive to temperature response. In order to study the influence of aluminum content on the heat storage and release capacity, total heat storage and release quantity of the tested plate should be calculated first and then the heat storage and release quantity per unit mass. The formula is shown as follows:
where Q z is the total heat storage and release quantity of the tested plate, Q* is the heat storage and release quantity per unit mass, A is the area of the tested plate.
where q is the heat storage and release quantity per unit mass of the tested plate, m is the mass of the tested plate. Heat storage and release quantity per unit mass of different aluminum content plate can be calculated by (1) and (2) and the results are listed in Tab. 5. Linear fitting on the average heat storage and release quantity per unit mass of different aluminum content plate was made and fitting curve is demonstrated in Fig. 6 . 
D. Optimization Analysis of the Heat Storage and Release
Performance Fig. 4 and Fig. 6 are the linear fitting curves and equations on the CPCESP thermal conductivity coefficient and heat storage and release quantity per unit mass to the aluminum content. From the figures, the thermal conductivity coefficient of CPCESP and aluminum content were approximately positively correlated, which means the addition of aluminum powder improves the thermal conductivity performance of the plate and the greater the content, the better the heat conducting property. However, the heat storage and release quantity per unit mass decreases with the increase of aluminum content, because the heat storage and release capacity of the aluminum powder is far worse than PCMPs. Equations on the CPCESP thermal conductivity coefficient and heat storage and release quantity per unit mass to the aluminum content are as follows: (4) where λ is the thermal conductivity coefficient of the tested plate, w is the aluminum content of the tested plate.
According to the linear optimization theory, the heat storage performance is optimized to the solutions of the two equations (3) and (4) under a given constraint. Based on the thermodynamic specification, thermal parameters of the 140mm thick cement and EP insulation wall are shown in Tab. 6. The hottest day in 2015 of the summer in Tianjin region is chosen as a typical day, building indoor temperature was set at 26 ℃, and calculation formula of the wall's heat transfer is as follows:
where Q is the heat absorption of the chosen wall, K is the heat transfer coefficient, F is the area of the tested wall, τ-ε is the time of temperature wave acting on the wall surface,    t is the temperature difference at the acting moment. According to (5) and the outdoor meteorological parameters in Tianjin region, the hourly heat transfer quantity was calculated, then through integral, heat quantity absorbed by the wall in one day's time per unit area can be obtained as 518400J. Assume that 0.02m thick CPCESP is used to accumulate these heat, as the density of the plate is around 495.3Kg/m 3 , the plate quality used on wall per unit area will be 9906 g and the heat storage quantity will be 52.33J/g. Taking the above results in to equation (3) and (4), aluminum content of the plate can be calculated as 2.6% and the heat conductivity coefficient as 0.1325(W/m· k). Such design can not only meet the requirements of heat storage per unit mass, but also optimize the heat storage and release rate to the fastest.
The significance of using linear optimization method to optimize the heat storage and release properties of CPCESP lies in the use of theoretical calculation to determine the aluminum content, heat conductivity coefficient and heat storage and release quantity per unit mass of the plate to achieve the its optimal performance.
IV. CONCLUSIONS (1) The heat conducting properties of CPCESP are enhanced by adding high thermal conductivity aluminum powder and the thermal conductivity coefficient of plate is approximately positively correlated to the aluminum content. According to the measured data, the fitting curve of thermal conductivity coefficient and aluminum content can be obtained.
(2) The heat storage capacity of CPCESP is affected by the aluminum content, the higher the aluminum content, the worse the heat storage performance. According to the heat accumulation of the plate per unit mass, he fitting curve of heat accumulation per unit mass and aluminum content can be obtained.
(3) Based on the linear optimization principle, theoretical calculations can be conducted according to the different situation. Then the aluminum content, thermal conductivity coefficient and heat accumulation per unit mass of the certain plate can be solved to optimize its heat storage and release properties.
